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CLAIMS 



What is claimed is: 



m 

'fs? :i- 



WW 



3 
4 
5 
6 
7 
8 
9 



A method, comprising: 

registering a cootxlinate space associated with images of a first modality to a 
coordinate space of a magnetic position sensor, to obtain a first transformation; 

registering a coordinate space associated with images of a second modality 
to the coordinate space of t\e magnetic position sensor, to obtain a second 
transformation; and 

converting coordinates of images associated with one of the modalities to 
coordinates of images associated wi\h the other one of the modalities based on the 
first and second transformations. 



1 2. The method of claim 1 wherei^i the first modality comprises a magnetic 

2 resonance system. 



1 3. The method of claim 1 wherein th[e second modality comprises an ultrasound 

2 system. 



1 4. The method of claim 1 wherei^ the magnetic position sensor comprises a 

2 receiver and a transmitter, the method further comprising: 

3 transforming the coordinate £p§ce associated with images of the second 

4 modality to a coordinate space of thp receiver; 

5 transforming the coordinate^ space of the receiver to a coordinate space of 

6 the transmitter; and 



31 

5^ 



Attorney Docket: 004735.P001 

transformings^he coordinate space of the transmitter to the coordinate space 
associated with imagesvof the first modality. 

5. The method of claim \ further comprising superimposing images associated 
with the first and second modalities based on the converted coordinates. 



6. The method of claim 1 whetein registering the coordinate space associated 
with images of the first modality to \\e coordinate space of the magnetic position 
sensor comprises: 

positioning point fiducial markers\adjacent to a target space, the point fiducial 
markers having first coordinates belonging to the coordinate space associated with 
images of the first modality; 

localizing the first coordinates of th& point fiducial markers to corresponding 
coordinates of the magnetic position senson to obtain second coordinates; and 



deriving the first transformation basec 



on the first and second coordinates. 



magnetic position sensor comprises a 
Ject, the method further comprising: 



7. The method of claim 1 wherein the 
transmitter and a receiver mounted on an ot 

calibrating the magnetic position sensor by determining coordinates of a point 
on the object with respect to a coordinate space of the receiver; 

determining the coordinates of tfp point on the object with respect to a 
coordinate space of the transmitter by us/ng a rigid-body transformation. 



8. The method of claim 1 wherein the position sensor comprises a receiver and 
a transmitter and wherein registering wieVoordinate space associated with images 
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3 of the second mc^lality to the coordinate space of the magnetic position sensor 

4 comprises: 

5 performing a trar^formation of coordinates of images associated with the 

6 second modality to the cooflsjjnate space of the receiver; and 

7 performing a rigid-bod^ transformation from the coordinate space of the 

8 receiver to the coordinate space\>f the transmitter. 
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1 9. The method of claim 1, further comprising using an interpolation method to 

2 determine coordinate point intensity \n images obtained using the first and second 

3 transformations. 

1 10. The method of claim 1 whereim the magnetic position sensor includes a 

2 receiver and a transmitter, the method further comprising performing a calibration 

3 operation comprising: 

4 obtaining a first coordinate transformation between coordinate spaces of the 

5 receiver and transmitter; 

6 obtaining a second coordinate transformation between the coordinate space 

7 of the transmitter and a coordinate spa<£e of a target region, based on point fiducials 

8 positioned adjacent to the target regior 

9 obtaining a third coordinate transformation between a coordinate space of 

10 images associated with the second njiodality and the coordinate space of the target 

1 1 region, based on N-fiducials positioned within the target region; and 

12 based on the first, second, aijld third coordinate transformations, calculating a 

13 fourth coordinate transformation fo associate the coordinate space of images 

14 associated with the second modality with the coordinate space of the receiver. 
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1 11. The method of\laim 1 , further comprising determining a registration error. 
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1 12. An apparatus, comprising: 

2 a magnetic position ^ensor; and 

3 a control unit coupled^o the magnetic position sensor and to a processor, the 

4 control unit being capable cooperating with the processor to obtain a first 

5 transformation by registering ^coordinate space associated with images of a first 

6 modality to a coordinate spac^ of the magnetic position sensor, the control unit 

7 being capable of cooperating wi^i the processor to obtain a second transformation 

8 by registering a coordinate spac^ associated with images of a second modality to 

9 the coordinate space of the magnetic position sensor, the processor being capable 

10 of converting coordinates of images associated with one of the modalities to 

1 1 coordinates of images associated v^ith the other one of the modalities based on the 

12 first and second transformations. 

1 13. The apparatus of claim 12 wherein the magnetic position sensor comprises a 

2 transmitter and a receiver mounted on an object, the control unit being capable of 

3 cooperating with the processor to /transform the coordinate space associated with 

4 images of the second modality to/^r^oordinate space of the receiver, to transform 

5 the coordinate space of the receiver to a coordinate space of the transmitter, and to 

6 transform the coordinate spaqfe of the transmittter to the coordinate space 

7 associated with images of the fir&t modality. 
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14. The apparatus of claim 12, further comprising a graphical interface unit 
capable of superimposing images associated with the first and second modalities 
based on the converted coordinates. 
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15. The apparatus qf claim 12 wherein the magnetic position sensor comprises a 
transmitter and a receiver mounted on an object, the control unit being capable of 
cooperating with the pr&cessor to calibrate the magnetic position sensor by 
determining coordinates of\a point on the object with respect to a coordinate space 
of the receiver and to determine the coordinates of the point on the object with 
respect to a coordinate spacfc of the transmitter by using a rigid-body transformation. 

16. The apparatus of claim VI 2 wherein the magnetic position sensor comprises a 
transmitter and a receiver mounfed to an ultrasound probe. 

17. The apparatus of claim \ 12, further comprising an ultrasound scanner 
communicatively coupled to the processor to generate images associated with the 
second modality, the control unit being capable of cooperating with the processor to 
continuously change the second \ transformation while the ultrasound scanner 
generates images as the probe moves freely in a three-dimensional space. 



18. The apparatus of claim 12, further comprising a localization tool coupled to 
the magnetic sensor, the control unit being capable of cooperating with the 
processor to obtain the first transformation by localizing coordinates of a point on 
the localization tool with corresponding coordinates of the magnetic position sensor. 



19. A method of calibrating a magn 
transmitter, the method comprising: 

obtaining a first coordinate tran 
receiver and transmitter; 



3tic position sensor having a receiver and a 



ormation between coordinate spaces of the 
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5 obtaining a second coordinate transformation between the coordinate space 

6 of the transmitter and a coordinate space of a target region, based on point fiducials 

7 positioned adjacent to the target region; 

8 obtaining a third coordhate transformation between a coordinate space of 

9 images associated with an imaging modality and the coordinate space of the target 

10 region, based on N-fiducials positioned within the target region; and 

1 1 based on the first, second, and third coordinate transformations, calculating a 

12 fourth coordinate transformation to associate the coordinate space of images 

13 associated with the imaging rnodality with the coordinate space of the receiver. 
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1 20. The method of clairrf 19 wherein the imaging modality comprises a two 

2 dimensional ultrasound system and the coordinate space of the target region 

3 comprises a three-dimensiqfnal space. 
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21. The method of claim 19 wherein the imaging modality comprises a three 



dimensional ultrasound 



system and the coordinate space of the target region 



comprises a three-dimen >ional space 
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